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Seventh Week. 
D.C. Motors and Generators. — Cais 


Who was Michael Fars day and for what discoveries is 
he remembered? 


Michael Faraday was born in 1791 and died in 1867.He> 
aa. a distinguished English physgicis st who made impor- 
tant discoveries in slectrcchemistry and electromag~ 
netism. He was the first to see that a trme under- 
standing of the action of magnets could ve had only 
by studying the empty space sround them, as well ag 
the magnets themselves. He drew what he cslled lines 
of force around a magnet and defined s line of magnet 
ic force es a line which indicates at its every point 
ae direction im which a north-seeking pole is urged 
by the attractions and repulsions of all poles in the 
ne tehiorhood. But he thought of these lines of force 
as having a mech more real meaning than this. He 
thought cf them as actually existing throughout the 
space around every magnet, evan when there were no 
filings to show them. He believed that they represent 
s real state of strain in the ether in which all mate 
erial tedies are immersed, 
About 18231 Faraday (and Henry) discovered that it is 
pessible to transform mechanical energy directly into 
electrical energy. Their mathod of producing electric 
currents by means of magnets is the underlying prin= 
ciple of the commercial generatcr, which has made peg 
sible the modern age of electricity. 


State Faraday's law. 


Paraday's Law is as follows: Let any comducting cire 
cuit be placed in a magnetic field; then, if by a : 
change in position or a change in the strength of 

field the number cf magnetic lines of force passing 
through or interlinked with the circuit is altered, 
an Zlectromotive Force will be induced in the cire 
cuit proporticnal to the rate at which the number of . 
lines is altered. 


Draw sketch and explain how you would find direction. 
of induced emf by the right hand rule.(Generator Ruld 


See end of seventh week's work for sketch. This righ 
hand rule for acne i avors is called the Fleming Rule, ® 
It is as follows: Extend the thumb, forefinger, and 
center finger of the right hand so as te form right 
angles with each cther.e If the thumb points in the. 
direction of the motion of the wire, and the forefin, 
ger in the direction of the magnetic flux, the cente! 
finger will point in the directicn of the induced 

current. fo remember this rule, notice the correspon- 
ding initial letters in the words "fore" and "flux",. 
"center" and "current." 


State Lenz's law, 


The first part of Lenz's law is: The direction of thy 
induced emf. is such that it tends to set up a - 
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current the msgnetic field of which always opposes 
any change in the existing field. 
The important word in this law is the word change. 
The field of the induced enrrent does not always op- 
pose the existing field, nor does it always aid it, 
but it always opposes ary change in ite Thus if the 
existing field is zero, and if we send a current 
through the primary coil to set up a field there wil 
be induced in the secondary coil a current the field 
of which will te opposite to the growing field, and 
thus will tend to keep the condition of the field as 
near zero as possiblee But if there is a field al- 
ready within the coil, and we try to weaken it, say 
by decreasing the eurrent in the primary, there will 
be induced in the seconégary coil a current the field 
of which will aid the existing field and tend to kee 
it at the same strength. The induced current thus is 
always such that its field opposes any shange in the 
existing magnetic field. 
The second part of Leng's law is: The amount of ine- 
duced e.m.ef. is equal, in volts, te one hundredemil- 
lionth cof the number cf cuttings per secund of the 
magnetic field by the circuit in which the e.emefe is 
induced. 


Make sketches to preve Faradsy's and Lenz's law, 
For sketches, see end of seventh week's work. 


Explain in detail and by sketch the fundamental prin- 
ciple of a D. &. Generatore 


As has been explained before, if a wire is moved thru 
a magnetic field, an e.em.ef will be induced in it, the 
direction depending on the direction of the flux and | 
the direction of motion of the wire thru the magnetic 
field. This is the fundamental principle of the gener 
ator. To explain the function of a generator, we con+ 
sider that we have a single turn of wire, the ends of 
which are connected to rings, unen which rest brushes 
which take the eurrent from the wire. As the wire re- 
volves on its axis a current is induced in one side 

of the wire in ene direction and in tthe other side of 
the wire in the other direction. Since the wire is i 
series with the external circuit, the e.m.ef. will flo 
in one direction, but as both sides of the wire pass 
thru the field and commence the second half of the 

revolution, they are moving parallel to the lines of 
force, and are cutting none of them, so no emf. wil 
be induced. Then the sides of the wire commence toc 
the field again, but the direction is reversed be- 

cause the motion of the respective sideg of the loop 
has been reversed. Thus we can construct a sine curve 
of the eomef. starting at zero, gaining in value unt 
it reaches a maximum in one direction, which we will 
call positive, just as the sides of the wire are cut 
ting the maximum number of lines. Then the eemef. dw 
se to zero at the haif revolution, and starts gaining 
again, but in the opposite direction, which we will 
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call negative, until it reaches a maximum as it is 
cutting the maximum number of lines again. It then 
returns to zero again snd is ready to start a second 
revoluticne This is a complete eyele. If we remove 
one of the rings, split the other in half, insulate 
the helves from each cther and from the shaft, altho 
securing them firmly te the latter, and connect the 
ends of the loop te the nalves of the loop, we can 
prevent the direction of e.m.f in the external cir- 
cuit from changing. The direction will continue to 
reverse within the Loop, tho. As the loop revolves, 
the semef.e will be induced in a direction, depending 
en the dirsetion of motion of the Loop thru the field 
but the direction of Gemefe. Will bs oppos ve in the 
two sides of the loop, so it will move out thrn one 
heif of the slit ring, thru the external airenuit, and 
in the other half. As the loop continnes to revolve 
the direction of eem.f in the Loup changes, but the 
ends of the lLecp have chenged con: getions with the 
external circuit so the eomf. ontinue to flow 
in the game directicn in the erent eclreuit, altho 
the value will pulsate. A sine curves of this e.mef. 
will start at sero, gain in ones direction {positive} 
until it reaches a maximum, fall to szerc, snd start 
sesin to rise, but in the same direction, will reach 
maximum again, and return te zero, The first exylana~ 
tion, + using the tye rings, ig ths principle of an 
Albomating current Generator, commonly eslled an 


siternator. The second explanation, using the split 
ring, « or commutator, is the principle of the Direct 
Current Generatore 


What does the value of induced eyf depend on? 


Since Lenz stated that the amount of e.u.f. is equal, 
in volts, to one hundred-millionth of the number of 

cuttings per second of the magnetic field by the cir- 
cuit in which the eem.fe is induced, we ean state tha 
the value of the induced amt aepends on the number of 
lines cut per seeoend. Thig can he divided into parts. 
It depends on the strength of the magnetic field, the 
number of conductors cutting the field, and the epeed 
With whieh these conéuctors are moving’ thru the 2ie1a 


SUESTION #8. A wire 24 inches long travels at a velocity of 300 


#8. 


feet per second thru a magnetic field where the flux 
density is 1,000,000 lines. What is the value of the 
induced emf? 


Pormulas 


Induced emf = 108 
wheres @ = lines of force. 
ACG = Active conductor 
8 = speed in inches ae second, 
+ = length ef conduetors in 


tnches s ee 


ANSWER #8. Continued. _ ss 
Substituting: 


Indused emf = 


864 veltse 
ANS. 


SUESTION #9. How compute the voltage, current and resistance of a 
multipole generator armature? 


ANSWER #9, The voltage of a multipolar generator igs the voltage 
across one armature path from trush to trush, since 
the brushes split the windings in the armature into 
parallel circuits, and the voltage ef a parallel cir- 
cuit is the voltage of one branch, 


To compute the value of voltage in a multirolar gen- 
erator: 


Formula: 
$6 x AC x RPM x Fo 


Induced emf 108 x 60 x Pa 


Where: & = flux per pole. 
AC = Active conductors. 
RPM = Revolutions per minute. | 
Fo = Numbsr of poles. | 
108 = constant for one volt. | 
60 = time fsctor te reduce RPM to RPS | 
Pa = Number of armature pathse 


It must he remembered that there are as many armature 
paths as there are brushes. There are usually as many 
brushes as there are poles, aitho it is not necessary 
that there be as many brushes as there are poles, but 
the number of brushes never exceeds the number of pal 
ese This induced voltage is the terminal voltage at 
no load. To find the terminal voltage at full load, 
compute the IR arop across the armature and subtract 
it from the terminal voltage at no load, 


Since all the armature paths are in parallel and the 

currents in all paths are equal, the current deliver 
ed by a nuitipolar generator must te the current in 
each path multiplied by the number of paths. 


The armature resistance of a multipolar generator is 
the resistance of a number of parallel paths all of 
equal resistanee, and must therefore te equal tc the 
resistance of one path divided by the number of paths, 


cURSTION #10. Explain armature construction. 


ANSWER £10. The prime object in the construction of a generator 
is to produce ss many lines of force as possible 
with a minimum field current, so that the armature 
Will not have to be revolved so fast. This is ace 
complished by winding the armature coils on lamina~ /‘ 
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ted armealed steel cores. Practically all of the 
space between the poles of the machine is filled up 
by these cores, thus leaving only small sir gaps be-~ 
tween the poles and the armature. This makes the 
reluctance very lew hence a high flux density is 
maintained and a correspondingly high emf is induced 
by the conductors at a lower speed. The commonest 
form of armature is the drum type. It is made ap of 
a core of thin armealed steel punchings about e014 
inch thick. These punchings are built into a cyiinde 
er and keyed to a shaft. The cciis sre formed by 
winding insulated wire in the slots on the outside 
of the cere. 


What is meant by armature reaction? Sxplain fully. 


The induced emf in the wiridings of an armature tend 
to set up a magnetic field which threads the armat- 
ure at right angles to the magnetic field from the 
pole pieces. This magnetic field set up in the arma« 
ture core is called crcossemagnetization of the arma« 
ture. The effect of these two fields st right sngles 
tend to distort the field between the poles, causing 
the lines tc crowd toward the upper tip of the north 
pole and dowri toward the lower tip cf the seuth pole 
depending on the direction of rotation. This occurs 
only when there is a load om the machine, that is, 
when a current is being drawn from it. At no load 
there would be no field set up by the armature winde 
ings, hence mo cross-magnetization. The brushes on 

a commutator are ordinsrily set in such a position 
that the coils shorted out are cutting no lines of 
ferce at that instant. If this field is shifted due 
to cross~magrietization, it is necessary to shift 

the brushes forward enough so that they are again o 
the zero axis, that is so that they short out coils 
which are cutting no lires of force. It can be seen 
that sparking will cceur if the trushes are not on 
zero axis. Sparking will pit the capper of the seg~= 
wents in the commutator, making it rough ard uneven 
so that the brush makes uneven contact, causing mere 
sparking and rapid deterioration. Of course, if no 
current is being drawn from the machine the proper 
pesition is at right angles to the pole pieces and 
ag more and more current is drawn the brushes must 
pe moved further forward, This is usually made une 
necessary by commutating voles, or interpoles, whic 
counteract the effect of crvuss-magnetization. 


Why are commutation poles used? 


Commutation poles are used to obviate the forward- 
shifting of the brushes to prevent sparking, also 
to build up the field weakened by ineresased armatur 
current. These commutating poles are of the same 
polarity ses the next pole shead in the direction of 
rotation. In a generator i:he brushes are shifted fa 
ward to get the short-circuited soil inte the fluy 


of the following pole. The gommutating pole_acts |} 
like a projection from the following tole. By being’ 


ANSWER #€12. Continued. \ 


geparate from the following pole it has the advan- 
tage that the winding on it can be put in series 
with the armature. The flux produced by it is thus 
nearly proportional to the armsture currente Thus 
instead of getting © weaker commutating flux when th 
armature current increases, we zet a stronger flux 
which sets up a greater sommutating voltage in the 
shorte-cireuited coil. This is the conditien which 
makes commutating poles produce gparkless commutatio: 
without shifting the brushes. 


CURSTION #13. A 6 pole 6 path generator had 1,000 sctive conduct- 
ors on an srmsture which makes 400 RPM no load volt- 
age is 125 volts. Area of wole ig 200 square inches. 
That is ths flux density? 

lines cut per secend . 

190 


ANSWER #13. Formula: #&; = 


§ x AC x RPM x Po 
108 x 60 x Ps 


58 


a lines per pole. 


: & 
Flux density = # 
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SUSSTICN #14. Explain what is meant by generator regulation and 
control. 

ANSWER #14, Genersters are classified by the method used to ¢x- 
eite the fleld magnets: separately-exeited and self- 
excited. In s separately excited machine the field 
colls get their current frem an outside source sueh 
as a battery. A self-excited machine furnishes the 
surrent for the field ccils frem the armature itself. 
As hae been explained before, the terminal voltags at 
no load will differ from the terminal voltage at full 


load. The relation between these twe is called the 
external characteristic. The full load vcltage in a 
Separately excited machine will drop as the amount 

of current, drawn from the machine, is increased; due 
to two things: increase im voltage drep across the 
armature resistance, and demagnetization (that is, 
weakening of the field by shifting of the brushes) 

It is tne back-ampers-turns, the ones setting up a 
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field directly opposite to thé main field, which 
weaken the main field. To find the back-ampere-turng 
multiply the number of turns in the double angle of | 
brush shift (twice the angie of forward shift) by 
the current in these turns {which is the total arma- 
ture current divided by the number of paths in the 
armature. Subtract this value from the anpere-turns 
in the field windings and the result is the result- 
ant turns tending te send flux through the fields. 
This characteristic of a generator is called its 
"voltage regulation” snd is stated in per cent. By 
regulation is meant s change which takes rlace auto-= 
metiesitiy when the load change. The ratio of the 
amount of change in volts, to the no losd terminal 
voltage of the generator ig the per cent regulation. 
If the regulation is smpll, the separately excited 
machine is better suited for most purposes. Any chan; 
-ze that is made by varying an auxiliary apparatus, 
such as a rhecstat, is termed "control” This differ- 
ence between regulation and cortrol is important. 
The regulation is within the machine; the change 
takes place automatically with the echsnge cf load. 
Sontrol is accomplished ty manipulation of auxiliary 
apparacus whether the load is changed or note 


XUESTION #15. Why is it essential that all coils in the armature 
have exactly the same resistance? 


ANSW35 #15. It is essential that all coils in the armature have 
exactly the same resistance, sc that the resistance 
through each path will be the same so that each path 
will carry the game current. This prevents unegual 
heating of the armature and unequal armature reactio: 
and mechanical streas. 


ZUEBSTICN #16. The speed of a 6 pole 6 path generator is 250 RPM 
when delivering 500 amperes at 120 volts. The flux 
per pole is @6,000,000 lines. How many active conduc~ 
tors are there on the armature? 


ANSWER #16. Formula: 


Substit- . ; 
uting: AC ® = 480 active conduc 


bors. AnNSe 


“UESTION #17. Draw simple sketch of series, shunt ané@ compound 
wound generators with voltage control. 


ANSWER #17. For sketches see end cf seventh week's log worke 
SURSTION #18. @xplain characteristics and use of each. 


ANSWER #18. See next sheet. 
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Self excited gerierstore are divided into three clag= 
ges: Series wound, shunt wound, and compound wound. 
In a series wound generator, tne field coils are 
placed in series with the line supplied by the gener 
“ator. The current that flows through the line thus 
flows through the field coils. If a series generator 
ig net delivering current there is me current in the 
field ceils, so the poles ef the generator are made 
of steel, which will hold some of its magnetism, pro 
ducing enough lines of force te induce a small emf, 
which will force enough current through the series 
field coils {and the line} to produce more lines, 
which produce more emf, snd more lines, etc. The vol 
tage will rise as the load inecreages, and the oure 
rent in the fileid coils will also continue to rise 
until the steel role cieces and the frame become 
asturated, when it becomes exceedingly difficult to 
set up more lines of force, therefore there is a 
definite limit to the ameunt of emf which can be 
eecromically induced. The load voltage increases wun-= 
til the saturation point is reached, when it commnene- 
ees to drop slightly altho the terminal voltage will 
increase slightly. Series wound generators are used 
whergever 2 constarntecurrent is desired. They are 
for this reason called “constant=-current"™ machines, 
not because they will automatically deliver & con= 
stant current but because they are used on constant 
current lines, because it is very easy to control 
the current by means ef a rheogtat shunted across the 
series field. Series wound generators were formerly 
used on arc lighting circuits but since they have 
gone out of date, they are sometimes used now on 
series tungsten lamp lighting circuits. If one of thi 
lamps burned out the external resistance would be 
decreased. If the resistance cf the rheostst is then 
decreased slightly more current is shunted around 
the series field . This results in a smaller gerera~ 
ted voltage there mainting the current constant. 


In a shunt wound generster, the field coils sre place: 
ed in parallel with the external cireuit, end across 
the armature. They are composed of many turns of fins 
Wire having a high resistance, so that a small per- 
centage of the current drawn from the machine will 
fiow throngh the field eoils and the main portion of 
the current will flow through the external cirenit, 
sinee the current used by the shunt field coils, is 
not utilized in the external circuit. The vcolitage 
builds up the same as in a geries wound generator, 
until it reaches a definite limit set by the resis- 
tance cf the field coils, and by tne saturation point 
of the pole pieses and frame. Three factors tend to 
cause the voltage ts drep as the lead increases. The; 
are: armature resistanee drop, armature reaction,and 
decrease in field current due to the drop caused by 
the firet two factors, which causes decrease in the 
strength of the magnetia field, which still further 
decreases the termina] voltage. Shunt wound genera» 
tors sre not usually used where close veltage re gulls 
tion is desired due to difficulty in control. “ 
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A compound wound generator is a combination ef both 
the series wound and the shunt wound generators. 
There are twos sets of colise One set is shunted s- 
cross the line, the other is in series with the line 
Jompound wound generators are divided inte One class 
ee Long-shunt and short-shunt, depending on whether 
the shunt winding is across the armature or across 
the armature and the series windingse At mo load the 
same current flows through beth the series and the 
shunt windings. AS & current is drawn from the mech» 
ine it must alse flow through the series findings. 
The number cP series turns is reguisted go that neo 
matter what current flows throug zh them, it will 
strengthen the field just enough + to eompensats for 
the armature resistance Grop, and for the increase 
in armatures reaction, Lf the machine has no commutea- 
boa: gpolese In this esse the terminal voltage is 
nearly constant from no lead to full Losd. This is 
aalied a flatecorpounded machinee Tf the luad is at 
any distance from the machine, there will be a line 
drop to consider, so if s constant veltage is desire 
more series turns must be added to strengthen the 
field enough to produce ercugh additicnel emf tea 
compensate for the line drope In this case the gener 
ator is over-compounded, The percentaze of over-com= 
pounding varies from 5 te 15 pereente Some machines 


ane supplied with a rheostat shunted across the ger- 
ies field windings so that thair value car be varied 
and thas the compounding adjusted. Compound wound 
generators are used wherever a constant potential is 
desired, 

Shunt wound generators can be operated in parallel 
provided the nolead volitaze of gach is the same and - 
that the external chsracteristic-s are the same. | 


Compound wound generatore, which sre under-compounded 


gan be operat ted in parailel gust like shunt wound ge 
erators, tecauge they have drooping characteristics, | 
Sy they. are over-compounded, they aust have the same- 
ove y—conpOuneing,, thea recistances of the series field 
must be inversely proportional ¢ = capacities of 


the machines, and a4n aqualize mont: ‘be connected with 
the series fields, 


operated in paralle 1, 
Bs 


series wound mach r 
2 il any MOTC ¢ 


and in fact are 


Series wound machines are wound rith few turns of 
heavy wire, since the turns must carry the whole of 
the current flowing in the external circuit, while 
shunt Wound machines are wound with meny turns of 
fine wire, having a high resistance, so that the 
small current ne surally ensuing will produce a flux 
density high enough to produce the necessary emf. 
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B-QUESTION #1. @xplain in detail and by sketch the fundamental print 
ciple of s motor. 


ANSWER #1. For sketch see end cf seventh week! 


¢ worke A circular 
meenetic field is set up around a wire carrying cur- 
rent. Such as wire when placed in a uniferm magnetic | 
field has its flux density inersssed on one sida of 
the wire and decreased on the other side. If the wire 
has a current flowing in, it will ea clockwise 


magnetic flux about ite Tf the wire is placed ins 
uniform left-toeright magnetic field, it will have 
two fisids flowinzs in the same direesion above it and 
in opposite directions below it, resulting in a bunch 
ing of the lines sbove it snd thinning cf the lines 
below it. These lines of force act like stretched 
rubber bands; that is, they have a tendency to straig 
ter out and éxert a downward push on the wire. This 
ig the fundamental principle of a motor. 


g 
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“URSTION #2. State left hand rule for motors. 


ANSWER #2. The left hand rule for motora is a follews: Extend 
the vara and first two fingers of the left hand st 


Hert iwles to one another. If ae. forefinger points 
the eee ceibn of the magnetic linss of force and 


the middle finge rin the direction cf the ee in 
the wire, the thumod will roint in the direetion of 
the force on the wire. 


°USSTION #3. How compute force on s current-carrying wire vlaced 
in a magnetic field. 


ANSWER #3e If s loop is placed in a uniform left-to-right magnet: 
is field, and the current is flowing in the left side 
ef the loop and out the right side, the lines of fore 
Will bunch above the left side and below the right 
side thus causing s force downward on the left side | 
and upward on the right side, causing the entire loop 
te turn. This force ¢an be computed by multiplying the 
foree on both wires by the distance c? each wire from 
the axis of revolution; ihe t is, the vadius of the 
resulting circle wrodueed by the turning of the loop. 


The force on sach wire is computed by this formula: 
eee BIT 
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force on wire in pounds. 
current in wire in amperes, 
flux density in air in gausses. 
length of wire in centimeters. 


heres 
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hm i Hg 
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ESTION #4. What force would be exerted on a loop of wire 80 CM. 
long carrying a current of 80 amperes if it was placed 
in a field of 20,000 gausses? 


& 2205 BL 
ANSWER #4. Formula: Fo = =m I 


Substituting: 3 ; 
ne wires "| 
2 x 14. 4 or 28. 8 lbs. Ans. ae 


am 


CUESTION #5. What is meant by toraue? 


ANSWER #5. By torque is meant the tendeney to revolve. It is 
measured in pound feet, since te compute the torque 
we multiply the force on the Wire times the length of 
the arm in feet. The arm is the distance of the wire 
from the point ground which the #ire tends te revolve 
Torque i8 expressed as the number of pounds at the 
and of an srm cf 1 foot. Thus if the armature of a 
motor is connected to a pulley which is L& inches in 
diameter twice the foree must be exerted on the rim 
of the pulley, since the ratio of £4 inches (the dis- 
meter of a pulley having = 1 feot arm or radius) to 

hes is € to l. 


UBSTION #6. The width of loop in “uestion #4, is 6 inches. Whst 
is the torque? 


ANSWER | #6. The torque is the force on both wire 
the distance of each wire from the po 
they tend to revolve. 


in pounds,tine 
nt sround which 


ee 


She total foree is £8.8 pounds. The distance is hal? 
the width cof the loop. Sines the loop ig 6 inehes wid 
the arm is 3 inchs. To change thie to fset, we divide 


by twelve: 


torque = ge? & 9 = 7.2 pound feet. Ans. 


°URSTION #7. The force of s wire 60 CM. long is 4-5 pounds when 15 
smperes flow thru ite How strong is the magnetic fie 


22.5 Bit 
Pe agattinn + ue 7 ; + aa) aGe OLS 
ANSWER 7, Formula: os 
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“UESTION #8. The force of 
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hat would be the counter emf developed by a motor 
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Explain in detsil sand by sketch armature resetion, 
how remedied. 3: 


Any Wire carrying s current will have g 
field set up about it. If several Wires sare wound in 
the form ef s loop, the loop takes the sa:me form as 
& bar magnet; that is, the lines of force will leave 
at one end of the locp and enter at the other end. 
If the sore of the loop is made cf a magnetic mater~ 
ial, the lines of force will be intensified. If this 
loop is placed in s magnetic field, so that the mag- 
netic field of the loop and core is st vight angles 
to the magnetic field, opposition will result end 
the magnetic field will be distorted. Such is the 
action within a motor. The turns of sire on the srm-~ 
ature of magnetic material is the lcop and core, and 
the field between the pole pieces of the motor, is — 
the magnstic field. Ag explained before in generators 
the induced emf is in such a direction, that the mag, 
netie field set up in the generator armature is such) 
that the lines of forces in the field will be econcen~ 
trated st the top of ore pole and at the bottom of 
the other, thus shifting the zero axis; that is, the 
point at which s conductor would cut no lines cof 
force, thus necessitating a forward lead of the brush 
ees to prevent sparking. In a motor it is Just the 
orposite. Since the direction of current through the 
armature windings, is opposite in a motor, than in a 
generator, it is evident that, for the same ainecties 
of rotation, the field would be distorted in just th 
opposite direction, so, in order to get the conduecto 
er eonductors which sre shorted by the brushes, out 
ef a pogition where they are cutting lines of force 
and into a position where they are cutting no lines 
of force, it is necessary to give the brushes a back- 
ward lead; that is, shift them back of the neutral 
axis. This is done to prevent sparking which yould 
result if the coil was cutting lines of ferce at the. 
instant of short cireuite The disadvantage of shift- 
ing the trushes to prevent aparking at the brushee, 
is that when the brushes are shifted, demagnetizatior 
will result, snd the field weakened as a result, so, 
in order to eliminate this demagnetization, and still 
prevent the sparking at the bryshes, commutating pol- 
se are used. Commutating poles are small poles set 

in the space between the main poles. In a motor they 
have the sawe polarity of the pole ahead, that is, © 
they are like a tail on the main pole, go that the 
snort circuited coll will be in the flux of the nole 
anead. By being separate from the pele ahead, it has 
the advantage that the winding on it can be put in 
series with the armature. The flux produced by it is 
nearly proportional to the ermature current, thus, 
instead of getting a weaker conuutating flux when the 
srmature current increases, we get s stronger flux 
Which sets up s grester cemf in the short circuited 
coil, Thie is “he eondition which mskes commutating 
coles produce sparkless commutation without shiftin 
the brushes. fn motors compensating field windings 
are also used. They prevent any shift of the field 
by arambure cross ampere turns, thus they are equal 


aud opposite to the srmatnura cross armature-turns. 
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CUESTION #16. How compute the effiolency of a motor? 


ANSWER #16. The efficiency of a motor is the relation of the 
output to +1 npute The terms aompered must be like 
unite. If ¢ 0 


he inout is messured in watts and the 
output in horsesower, the watts must be changed to 
horsepower or the input is 
measured With au ammeter and a voltmeter, the watts 


4 
input boeing 


t prod uct of the amperes input times | 
the ineut pre 

t 

a 


ssure in voltse The cuterut is measured 
he rrony Brake. This system is describ- 


i 
i 
e 
the horgspower to watts. The 
ne 
e 


by means of 


ed in Sifth eek log work. Of courses the loases 
. within the machire must he considereé. Therefore the 
( ett icioncy ig equal to the cutput divided by the in= 
put, the incut minus losses, divided by ° she ‘nput. 
or the outcut divided by the output 
his may be stated in an equation: 
output .input - losses = output 
Ritictensy 2 oe 
input input cutput # losses 


“UBSTION £17. Sxplsin motor losses. 


ANSWER 417, There are several losses in an electric motor due 
to foreing an electric current through the windings 
of the armature and field. These losses are: the cop 
per loss in the field, the eddy-current less in core 
the hysteresis loss in core, loss due to windage , 
friction, etee, and 8 variatle less due to the cope 
per loss in the armaturee The constant loss is equal 
50 the power input to run idle as motor minus the 
sorresponding armature corner loss 


The copper less is eygual to the square of the current 
times the resistance. Thus in the “Piela it is the 
square of the current in the field times the resise 


tance of the field windings, In the armature it is 
the square ae the armature current times the resig- 
tance in the armature wividings.e 


mature core is due to 
pre ees cl The field 


eoils have n beacause they are alway 
magnetiged ir LONe 


The eddy current loss is a 


the senate Suet ane Lines of er 
iron and steel being conducters to 1€ tent. They 
( flow around on sround in the eore and eas be rong ota 
: beaides thet, in order to set up these ra 
i boncdalmane to expend power and since iyrent:s 
be used they are a bo tal Loss. They are pre- 
eoutea by laminating ¢& arn gore and insulate 
ing them from each oth The eddy current loss is 
proportional to the equa of the epeed, te the 
square of the flux the aquare of the 
thickness he lam 


The other losses are the ex 


due te orush friction, bea 
friction. The sum ef these 
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ANSWER #18. Motor regulation has be 
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The drum wound arinature 
and 15 CM 
Average flux density is 
in each conduetor is 20 


forces exerted on 4 inch 
ANSWER #19. Tormula for finding the 
om a 4 ineoh pulley: 


=xplain motor regulation and 


eontrol. 
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&e across the arma- 
neresse or deecresse 
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sabrolled by an increase 
ee will rescectively 
de A Series moter is 
“load on the ine and 
never to s & serie: 


of s motor is 30 OM. 
20,000 gaussese 
amperes what would de 
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Draw PU Transmitter. 


ANSWER #20. For diagram see end of 
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“UBSTION #21. Draw three step automatie starter and give explse 
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ANSWER diagram and explanation see end cf seventh w 
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for Generators: 


Gxtend the Thumb, Forefinger and ! 
the right hand at rignt angles to 
the Thumb point in the direction 
forefinger in the direction ae th 
then the Middle finger will be poi 
reetion of the induced eleatromo 


The diagram shows 


how of wire may have an 
amf induced in it by m without rotation in 
8 non-uniform magnetic In the position of th 
eoil shown by the golid » vhe number of lines 
of farce through it is han in the dotted posi 


Re 
QOL8 


tion, equently sn emf is induced dur 
ment from one position to 


ring a move- 
the other. The direction 


of the current in the coil is fourd by the right 
hand rule, and is such creat if the ring be viewed 
from the side toward the North pole as it is being 


moved away from this the imndueed current flows 


around it clockwise, produc ing s South cole on this 
face, with resulting attraction for the vorth pole / 


from whish it is receding. 


QUESTION #A-6.6 


loop and a per 


The diagram shows = elo 

manent bar magnet. Assume eet the ng anet is moving 

toward the loop, as shown by the arrow M. An emf wilt 
be induced in the loop in the direction shown by the 
arrew #. The resulting indweed current will set ur a 
magnetic field acting in the direction show 


cireles around the loop. Tt will be ses 
polear face of the loop is toward the | 
bar magret amd therefcre that a repuls 
tween the loog and the magnet and theiy 
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tion is thus opposed. If the directic 


the magnet is reversed all effects ars re 
face of the Loop toward the retreating maanet tt 
becomes 5S and an attraction exists whieh proses 
their seraratione 
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The anor is simply one of the aolle 
cut into halve sl and 92, which are ins 
each other ane from the snaft, but secure = 
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Series wound generatere The a4 
field is contrelled by the amount a 
She shunt eh. 


hunt wound generator. The veltage of a shunt senera~ 
rcan be controlled by & resistance in serilas with 
& shunt field. 


tor can be controlled by a resis 
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TUESTION Bel. 


Tllustrating the fundamental prineiple of a motore The 
sketch shows & ecrose-seetion of gingle loop carrying s | 
current in @ magnetic field. The current is flowing in at 
A and out at B, as parked, and the flux is etrengthene 
above A and below B. Thus there ig a foree pushing down 
on A and up on B, tending to cause the leop to retate in 
a counter clockwise directicn as marked. . 


TUESTION Bele. 


The current flowing in the armature windings sets up a mag 
netie field whieh cppoeses the main field and eanses a dis- 
‘ S 


tortion. This distortion in a 3 the oppesite 
to that in a generator, causing ines te bunch at 
the approaching pole tins in a motor, instead of at the 
trailing pole tires ag in a generator. This negessitates a 
backward lead of the brushes in & moter se that the coils 
S th 2 he brushes will not be esutting 
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